NASA TECHNICAL NOTE

. =i
o : o= &
(] . — O
o LOAN COPY: RETI= 3
= AFWL TECHMICAL S5 2
= KIRTLAND AFB, US=F
= =0d
< =z
-

=

SAVLOC, COMPUTER PROGRAM FOR

AUTOMATIC CONTROL AND ANALYSIS

OF X-RAY FLUORESCENCE EXPERIMENTS

Regis F. Leonard {

|

Lewis Research Center - . /.?
Cleveland, Obio 44135 - //

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION - WASHINGTON, D. C. - APRIL 1977



TECH LIBRARY KAFB, NM

MAVAmm

. o . _ 01L3u4Le? _
1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.
NASA TN D-8398
_4.71:itle and Subtitle 5. Report Date
SAVLOC, COMPUTER PROGRAM FOR AUTOMATIC CONTROL April 1977
AND ANALYSIS OF X-RAY FLUORESCENCE EXPERIMENTS 8. Performing Organization Code
7. A:uthor(s) 8. Perform.ing Organization Report No.
Regis F. Leonard E-9000

10. Work Unit No.
9. Performing Organization Name and Address 506-25

Lewis Research Center
National Aeronautics and Space Administration

R Cleveland’ Ohio 44135 13.7 Type of Report and Period Covered

12. Sponsoring Agency Name and Address ) Technical Note
National Aeronautics and Space Administration -
14. Sponsoring Agency Code
Washington, D.C. 20546

1. ‘Contract or Grant No.

15. Supplementary Notes

16. Abstract
A program for a PDP-15 computer is presented which provides for control and analysis of trace
element determinations by using X-ray fluorescence. The program simultaneously handles data
accumulation for one sample and analysis of data from previous samples. Data accumulation
consists of sample changing, timing, and data storage. Analysis requires the locating of peaks
in X-ray spectra, determination of intensities of peaks, identification of origins of peaks, and
determination of areal density of the element responsible for each peak. The program may be
run in either a manual (supervised) mode-or an automatic (unsupervised) mode.

17. Key Words (Suggested by Author(s}) 18. Distribution Statement
Computer program Unclassified - unlimited
: Trace elements STAR Category 61 ’

X-ray fluorescence

19. Security Ciassif. (of this report) 20. Security Classif. {of this pa;e) 7 21. No. of Pages 22. Price’
Unclassified Unclassified 43 A03

* For sale by the National Technical Information Service, Springfield, Virginia 22161

L4



SAVLOC, COMPUTER PROGRAM FOR AUTOMATIC CONTROL AND
ANALYSIS OF X-RAY FLUORESCENCE EXPERIMENTS
by Regis F. Leonard

Lewis Research Center

SUMMARY

A program for a PDP-15 computer is presented which provides for control and
analysis of trace element determinations by using X-ray fluorescence. The program
simultaneously handles data accumulation for one sample and analysis of data from pre-
vious samples. Data accumulation consists of sample changing, timing, and data stor-
age. Analysis requires the locating of peaks in X-ray spectra, determination of inten-
sities of peaks, identification of origins of peaks, and determination of areal density of
the element responsible for each peak. The program may be run in either a manual
(supervised) mode or an automatic (unsupervised) mode.

INTRODUCTION

The recent development of high-resolution solid-state X-ray detectors has made
possible the use of X-ray fluorescence as a tool for the detection of trace elements in a
variety of applications. However, analysis of environmental samples by means of X-ray
fluorescence generates energy spectra for which quantitative hand analysis is prohibi-
tively tedious. In addition, the number of samples generated by any comprehensive
monitoring program requires a speed of data acquisition and analysis which is possible
only through the use of a computerized system. The present report describes the soft-
ware designed for control and data analysis of such a system. This report should per-
mit the reader to operate the system.

PRINCIPLES OF X-RAY FLUORESCENCE AND CHARACTER OF DATA

When properly stimulated, the atoms of any element emit X-rays whose energy (or
wavelength) is strictly dependent upon the atomic number of the emitting atom. Since



these energies may be quickly and accurately measured, and since the X-ray energies
of all elements are well known and tabulated, it is possible to identify, with little am-

biguity, the element responsible for the emission. In addition, the number of X-rays

emitted is proportional to the number of atoms stimulated, so that after a proper cali-
bration, quantitative measurements of areal densities are possible.

The X-ray detectors commonly employed provide data in the form of analog electric
pulses. Data acquisition consists of the digitizing and storing of these pulses, which
arrive with random timing at the rate of several thousand per second. A schematic
representation of the X-ray fluorescence facility is shown in figure 1. A typical X-ray
spectrum is shown in figure 2. This particular spectrum resulted from excitation of
a sample by using X-rays from a tungsten X-ray tube. It contains a peak (labelled Rh)
which resulted from the presence in the primary X-ray beam of a small, known amount
of rhodium, whose purpose was to provide a monitor of the number of photons incident
on the sample.

Data analysis consists of determining from this spectrum the number of X-ray
counts contained in each peak, identifying the origin of the peak, and converting the
number to an areal density by using the expression

N(E) = N, (d—"> P, Q¢(E) (1)
an E
where
N(E) number of X-ray photons of energy E detected
N. number of X-ray photons incident on target

(do/dQ2 )E cross section for production of X-rays of energy E by exciting X-rays

Py areal density of atoms producing X-rays of energy E
0 solid angle subtended by X-ray detector
e(E) efficiency of detector for detection of X-rays of energy E

In practice, only the quantity N(E) is determined absolutely. The number Ni is as-
sumed to have the form

N, =K (2)

RhRh

where NRh is the number of rhodium (monitor) X-rays detected, so that the areal
density may be written
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N(E)

Py = (3)
do
KRhNRh<d—s_;> Qe(E)
E
The overall efficiency function
F(E) = - (4)
Kg (9‘-’-> Qe(E)
aq
E

is then determined experimentally by using samples of known areal density of a number
of elements. For elements other than those for which F(E) is measured directly, an
interpolation is carried out with the assumption that the function varies smoothly with
energy. The areal density then, in terms of directly measurable quantities, becomes

oy = N(E) EE) (5)
NRh

Analysis then requires only the determination of the intensity and energy of each line in

the X-ray spectrum and the intensity of the line used for normalization NRh'

DATA ACQUISITION AND ANALYSIS

The entire X-ray fluorescence operation (sample changing, data acquisition, and
data analysis) is carried out under the control of a PDP-15 computer. Communication
between the computer and the X-ray fluroescence hardware is by means of a CAMAC
system (ref. 1). The programmable interface between the computer and the CAMAC
system has been described in detail elsewhere (ref. 2). The control panel of the
PDP-15 computer, shown in figure 3, allows the input of a humber of parameters as
well as the selection of a number of different modes of operation, so that a sufficient
degree of flexibility is provided to make the system useful for a variety of applications.

Data Acquisition
The two principal control tasks which the PDP-15 must perform are the changing of

targets and the control (stop, start, and data transfer) of the 1024-channel analog-to-
digital converter (ADC), through which all pulse-height data pass.



A typical data-taking cycle is initiated upon input of the last piece of sample identi-
fication data by means of the computer teletype unit. The ADC is turned on, and data
transfers from the ADC to the computer memory take place autonomously by way of the
CAMAC interface. During data acquisition the pulse-height spectrum is displayed on a
video unit, which assures the user that all systems are functioning properly.

By means of push buttons on the computer control panel, data acquisition may be
terminated at any time, either by pressing B4, which causes data to be recorded on
magnetic tape, or by pushing B2, which ends the run without recording of the data. Data
acquisition also terminates, with all accumulated data being recorded on tape, when the
elapsed time reaches the preset value as entered (in tenths of seconds) on control panel
thumb switch TH2.

Following termination and depending on the mode of operation selected, either
another run is started automatically (T15 up) or a halt occurs (T15 down) until the oper-
ator chooses to continue by pressing B2. In either case sample changing may or may
not be done, depending on the setting of rotary switch R1 on the control panel (sample
is changed when R1=2).

The data recorded upon completion of a run include the run identification (a five-
character file name and a three-digit file number), the time elapsed during data acquisi-
tion, and, of course, the pulse-height spectrum itself.

Because analog-to-digital conversion and data transfers take place at data-channel
level, they proceed autonomously once initiated, so that the computer central processing
unit is free at main-stream level to proceed with analysis of a previous data set if so
instructed.

Data Analysis

Analysis of previous data sets may either be initiated by the operator (press Bl) or
take place automatically when the computer is operating in an automatic mode (T15 up).
Analysis begins with the recalling of two previous runs from tape: one with the data of
interest and one that is a background or blank run, which is subtracted to remove events
resulting from scattering or impurities in the system or sample-supporting matrix.

When analysis is initiated by an operator, the program requests a file name and
file number for each of these data sets. In the automatic mode the program searches 4
for a data set with the same name as that previously analyzed, increases the file num-
ber to obtain the next data set, and uses the same background data set. Hence, it is
always necessary that at least the first set be analyzed manually.

The first step in the analysis is the determination of the number of events NRh
contained in the monitor (rhodium) peak for both the sample data and background data.

>



This is accomplished by locating the rhodium peak and then fitting that portion of the
spectrum within 20 channels of it with a Gaussian peak plus linear background. The
number of events within the Gaussian peak is then the Np, of equation (5). The amount
of background in this region provides the normalization for subtraction of the blank
spectrum.

It is assumed that since the blank spectrum results from an unloaded sample of the
supporting matrix, it is identical in shape to that encountered in the loaded sample.
Consequently, after normalization and smoothing over three channel segments, the two
spectra are subtracted channel by channel to arrive at the spectrum to be analyzed.

The recalled spectrum (with background subtracted) then replaces the live display
of data currently being accumulated on the video unit. Figure 4 shows the recalled
spectrum derived from the data of figure 2. The number of events under each peak,
that is, the number of detected X-ray photons of each energy, is determined by a least-
squares fitting to each peak of a Gaussian distribution of adjustable height, width, and
location. Initial estimates of peak locations may be supplied by the researcher by
means of the light pen and video display (T11 down), or they may be located automati-
cally by the program (T11 up). The automatic location procedure is described in ap-
pendix A.

Depending on the setting of toggle switches, an energy calibration may be supplied
at this time (T16 down). The user may supply through the teletype console the energies
of the first two peaks selected with the light pen. For operation in the automatic mode
(T16 and T15 up) the program retains the energy calibration from the previous run.
Hence, again at least one run must be done manually. The researcher is also asked to
supply through the teletype console (unless the computer is operating in the automatic
mode) an estimate of the full width at one-half of the maximum (FWHM) of a typical
peak.

The fitting routine does each peak in turn from the lowest to the highest energy.
When two peaks are found to lie within four times the estimated FWHM, they are fitted
simultaneously. Up to five peaks may be treated as a mulfiplet and done simultaneously.
A more detailed description of the fitting procedure is given in appendix B.

Following analysis of each line for energy and intensity, an identification is made
by comparing the measured energy with a table of energies and atomic symbols. The
elements which are included in this table are listed in table I. H a peak is identified as
akK a line, a check is made to determine whether the Kﬁ line can also be observed. If a
line of the proper energy is located, the expected intensity of the K, line (determined
from the intensity of the K o line) is subtracted from the KB candidate. The remainder
of the peak is tested for other identification. No peak may be identified as an L series
X-ray unless both the L o and LB lines are observed.

The experimental intensity is converted to an areal density by using the stored effi-
ciency function F(E). This function is assumed (for K series X-rays) to have the form
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1 _ P(I)
1 — 6
* [F(E)] Z L0-1) ©

i=1

The parameters P(I) are determined by measuring the X-ray yield for a number of
samples (approximately 10 to 15) of known areal density and performing a least-squares
fit of the function given in equation (6) to that data. The parameters P(I) vary with any
change in detector or source geometry and must be redetermined each time such a
change occurs. A typical set of parameters P(I) is listed in table II. For heavier ele-
ments, which are measured by means of D series X-rays, tabulated efficiencies are
used for those elements which the program can identify.

The estimates of errors in the computed areal density are based on the number of
counts in each peak, given by

N(E) = IE)o(E)Vr (7)

where I and o (as defined in appendix B) are the height and width, respectively, of the
Gaussian distribution derived from the data. The areal density, given by equation (5),
then becomes

_ KB)o(E)VrF(E) ®)

X
NRrh

P

Therefore, assuming the error in NRh to be small gives

6p

X _ GU(E)I rﬁFE)‘ 9)
Py I(E)
or
épleél(E) ao(E)l ’ dF(E)GE. 10)
p, |IE) F(E) dE

The errors in each of the quantities I(E), o(E), and E are derived in the usual way
from the residuals of the least-squares fitting process.

Computed areal densities may be modified by an arbitrary multiplicative factor G,
which may be entered by means of thumb wheel TH1. The value of G may be between




0 and 9.9999, and its effect is included in all areal densities and errors listed as output.
The principal purpose of this factor is to permit the user to convert to a convenient sys-
tem of units if so desired. ¥ G is set equal to 1, the results are in units of micro-
grams per square inch.

Output may consist of either one or two pages of teletype output as well as a record
of the results on magnetic tape. These options are selected through the control panel
toggle switches (p. 1, T14 up; p. 2, T12 up; and tape, T13 up). Samples of the two
pages of teletype oufput are shown in figures 5 and 6. More detailed information on the
results of the least-squares fitting process may be obtained by replying ""T" (true) when
the program inquires, through the teletype console, ''Do you wish extra output? Out-
put=.'" A sample of this augmented output is shown in figure 7. It includes the height,
width, and location, as well as the standard deviation of each, for each line fitted by
the program.

A flow chart for the entire program is shown in figure 8. A guide to the loading of
the program into the PDP-15 is given in appendix C. Appendix D contains the details of
the overlay structure necessary in order to fit the program into the available core.
Appendix E contains a listing of the FORTRAN sections of the program.

CONCLUDING REMARKS

The program described in this report permits trace element analysis of environ-
mental samples at a rate which would make meaningful monitoring surveys feasible.
Specifically, data analysis requires between 3 and 12 minutes, depending on the com-
plexity of the spectrum, while data acquisition requires 5 to 30 minutes, depending on
the primary radiation source and associated hardware employed, The program works
reliably in an automatic mode; it changes samples, takes data, locates peaks, measures
intensities, and identifies elements, As a result samples may be processed without an
operator in attendance, which makes around-the-clock analysis possible. In addition,
when operated under the supervision of the user, the program is capable of treating a
wide variety of nonroutine samples, such as those containing elements not automatically
recognized and those containing a number of heavy elements and thus having extremely
complex spectra. For these, the program permits the extraction of meaningful data with
a minimum amount of effort on the part of the user.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, December 2, 1976,
506-25,



If the operator so desires, initial estimates of peak locations are determined by

APPENDIX A

AUTOMATIC PEAK LOCATING PROCEDURE

the program, using a method described by Mariscotti (ref. 3). The method is based on
the construction of smoothed second differences of the experimentally measured energy
spectrum. The smoothed second difference is defined by

or equivalently

i+m {+m
Si(Z,m)= E A (NZ+1“ 2NZ+NZ_1)
j=i-m h=I-
J ¥ )

Si(z,m) = Z Cij(z,m)Nj
all j

where the Cij are weighting factors derived by Mariscotti, given by

and

i+m
Cy5(z, m) = Z C)4(z-1,m)

l=i-m

0 if |j-i] =2
Cy;(0,m) =< 1 if lj-i] =1

-2 if j=1i

(A1)

(A2)

(A3)

(Ad)

The values of z and m used here are those found by Mariscotti to be most suit-

able, namely,

z=5

m - (0.6T - 1)
2

1



The resulting function S then vanishes for a linear spectrum and is similar to the
second derivative of a Gaussian function if N. is a Gaussian function, The program
assumes that a peak exists in channel i if three conditions are present: First,

|s;] > 1.6 |68, (A5)

where GSi is the standard deviation in the function Si’ approximated by Mariscotti as

1/2
2
08; = <Z Cij) 0Ny

where (3Ni is the standard deviation in the data point N;. The program assumes

_ 1/2
ON; = (N; + B;)

where B, 1is the amount of background previously subtracted from channel i of the
spectrum. Second,

S. <0 (A6)
Third,
8i-1 < I8y > 85,4 (AT)

The code does not reject any peak on the basis of its width as suggested by Mariscotti.



APPENDIX B

LEAST-SQUARES FITTING

Once initial estimates of peak locations and widths have been obtained, a least-
squares fitting is carried out by using the Gaussian function

(x- Xo)z
fx)=Texp|— (B1)
02

to represent that portion of the spectrum being treated. In the event that several peaks
fall within 4FWHM of each other, they are fitted simultaneously as the sum of as many
as five Gaussian distributions, each of which has independently variable width.

For initial estimates, X is taken to be the channel i either found by the automatic
search routine described in appendix B or supplied through the light pen. The initial
estimate of the intensity 1 is taken to be the number of counts in that ith channel, and
o is calculated from the FWHM input (for a Gaussian distribution, ¢ = FWHM/1. 665).

Fitting is carried out by standard methods. In the event a satisfactory fit cannot
be obtained within a specified number of iterations, the peak of highest energy is
dropped from the multiplet, and the fitting process is restarted for the remainder of
the peaks. Inthe event that a single peak cannot be satisfactorily fitted, a message to
that effect is included on output page 1, and the peak is assigned intensity zero and a
location equal to the starting channel number.

10



APPENDIX C

LOADING THE PROGRAM

As presented in this report the program (entitled SAVLOC) is too large to be loaded
directly into a 16K PDP-15 computer. As a result it can only be used as a series of
overlays, constructed by using the routine CHAIN (ref. 4). A listing of the execute file,
titled SAVLOC, is given in appendix D; the listing includes the resident code as well as
the structure of each of the links and a machine constructed map of the file.

At execution time the user must assign handlers to three slots in the device assign-
ment table (dat): dat slot 1, for writing of raw data; dat slot 2, for reading of raw data;
and dat slot 3, for writing of results of analysis (fig. 6). Dat slots 1 and 2 are normally
assigned the same magnetic tape (dectape) unit, and dat slot 3 is assigned a second
dectape unit.

An example of the entire loading sequence is as follows:

KMS15 V5C
$A DTE6 1,2/DTET 3
$E SAVLOC

EXECUTE V4A
FNAME(A) =

where the underlined expressions are output from the computer.

11



APPENDIX D

OVERLAY STRUCTURE AND MEMORY MAP FOR EXECUTE FILE SAVLOC

\CHAIN

CHAIN V3B

NAME XCT FILE
>SAVLOC
LIST OPTIONS & PARAMETERS
>PGR, 16K, SZ
DEFINE RESIDENT CODE
>SIMUL2,CAMADC, IPK3, PICKER
DESCRIBE LINKS & STRUCTURE
>1.KI =REDE, RITE
>LX2=FITALL, FITAL!, GAUSS
>1.XK3=ECAL] , ECAL?
>1 ¥4 =PEGOUT, XKYLD
>1K5=LAREL, SOPT
>1.X6=5, SCALL , LOCUM
>LKIsLK2:LK3:LK4:LK5: LK6 ¢ PEED: MAXER: SET1 2 SUBTR: OUTER:
~MULT:SIT2: EPPO: ENFRG: IDENT
>
LINY TABLE
372°5-37636 ¢4l

RESINENT CopE

SIMUL? 36527=37224 Fr476
CAMADC 35731-36526 2576
IP%3 34747 =-35730 #0711
PICKER 343@5~34737 2#437
RELAON 34226=-34304 QA2A57
RTIMER 34146-34225 Q€767
RECVIE 34126-34145 ¢oeny
SENDIS 34113-34125 2p¢13
CAMAC, 33631-34112 ¢AP62
PANEY, 33477-336300 47137
CPOSS 33347-33476 7132
HIST0l 332°6-33346 ¢712]
PENSW 3320¢-33225 @226
VPVECT 33214-33177 07164
VIDEQ, 32515-33213 22277
RTIME 32470=32514 207P5
CLNCK., 32372-32467 207274
RITEST 32350-32371 772722
SETRLK 32267=-32347 @#pC61
IR00L  32224-3R266 72743
ZEPD 32202=-32223 27724
«SS 32130=-32177 #2r@5e
FLOAT 32117-32127 20011
FLOAT? 32271=-32116 707226
«BR 327024=-32072 22045
FIOPS 313@22-320023 2p522
INTZAE 31171-313221 27114
PELEAR 30¢57~31172 71112

12



NTSERP 27712-27777
.DA 3NN =-33056
NDISPL  32@16-32227

ERP 3a212-32215
STUFF 27464-27711
MupP QT445-27463

FINOQUT 27345-27444

LINK -~ LKI

REDE 21277-27344
PITE 27135=-2727s8
RELAQF 27261-27134
BCDEXT 27212-27062
INPUTL 26723-27211
XREAD 26477-26702
PACKER 24306-268406
MOD 26265-26325
BCDIO 23630-28264
BINIO 23433-23627

FILE 23124-23402
. CH 23125-23123
LINK == LK2

FITALL 26136-27344
FITALl 26805-26135
GAUSS 25277-260704
MATINV 24736-25276
GENRLX 24683-24735
LoC 24654=-24662
ABS 2463524653
RMNMX 24511-24634
.BRC 24415-24512
EXP 24377-24414
JEF 24272=-24376
«EC 24220=-24271
<R DA 24132~24217
FITALC 24127-24127

LINK == 1LK3

ECALL 270@1=-27344
ECAL? 26446=-27000
INPUTI 26357=-26445
XREAD 26043-26356
PACKER 25742-26042
BCDIO 23305-25741
«CP 23266~23304

LINK ~= LK4

REGOUT 26470-27344
XKYLD 26343-26467
.BC 26247-26342
«BE 26237-26248
«PR 26221-26236
SQRT 26066-26220
«EE 25703-26065
«EF 25576-25702
.EC 25524=-255175
+RDA 25434-25523

DA*E6
NAR3E
20203
aPrC4
2226
cealrt
2¢elee

2AN4E
N2y 42
C0254
nee41
444N
20314
calel
e}
72435
z2@a225
79257
217

z212e7
P13l

zZR506
N34l

7eN53
naeaT
aaei7
2e124
20074
0216
AA125
geasz
ro27¢@
AAda]

AD344
0333
peee?
e0314
ge1al
22435
z2eo17

02655
ae125
0ep74
poele
20236
22113
ga163
pe1mes
pae52
pes7o

13



BCDIO 22777-25433
.CB 22760-22776

LINK =~ LK5

LABEL 24757-27344
SOPT 24621=24756
ABS 246022-24620

LINK =~ LK€

S 27117-27344
SCALl 24651=-27116
LOCUM 24730-26650
IFIX 24712-24727
ARS 2467324711
LIMIT 24650-24672
.BC 24554=24647
SQRT 24441 -24553
DIFF 24220-24440

LINK -~ REED
PEED 26775-27344
BCDEXT 26726=-26774

INPUTI 26637-26725
XPEAD 26323-26636

PACKER 24222-26322
MoD 26281 -26221
RCDID 23544-26200
BINID 23317-23543
FILE 23047 -23316
«CR 23821=-23237

LINK -~ MAXER
MAXER 27275-27344

LINK -~ SETI
SETI 27003=-27344

LINK == SUBTP

SURTP 2652727344
INPUT! 2644@-26526
XPEAD 26124-26437
PACKER 26823-26123
BCDIO 23366-26022
.CR 23347=-23365

LINK -~ OUTER

NUTER  27841-27344
BCDIO 24404-27040
«CB 24365-24403

LINK ==~ MULT
MULT 26665=-27344
IFIX 26647-26664

LINK -- SIT2

SITa P6R32-27344
BCDIO 23375-26031
«CR 23356-23374

14

82435
ae217

#2366
22136
gea17

re226
Q0246
21721
aeel1e
peoL7
BoB23
ConT4
22113
aer2l

Be350
2en47
PeR6T
20314

ga1el
gonel
72435
pe225
22517
eaelt

22250

nR342

aesls
zers?
e3l4
galel
82435
aazLT

0304
B2435
P2017

22460
geele

71313
P2435
eeel7




LINK =-- ZRRO

ERRO 27033-27344
BCDIO 24376=-27032
«CB 24357-24375

LINK -- ENERG
ENERG 26500-27344

LINK -- IDENT

IDENT 268266-27344
BCDEXT 26217-260265
PACKER 25716-26014
ARS 25677-25715
10D 25656-25676
BCDIO 2322]1-25655
FILE 22742-2322
- CB 22723-22741

3LANK COMMON
o« XX 12723=-22722

CORE REQ'D
12723-37636

KMS15 V5C
5

ra3i2
#2435
gealt

BOB645

21257
2047
2121
roar7
npeeal
22435
7ez2517
ozel17

12e7e

24714

15



APPENDIX E

SOURCE LISTING

Ceoees PROGRAM TO SIMULTANEOUSLY TAKE AND ANALYZE DATA

N

104

122

122

1@l

39

9n

16

INTEGER DATAD(C4256),GATEX(64,7),0RGN(R)Y,DATUM(1224)
REAL FNAME(2),LT,LTl

LOGICAL ON,EXIST,BUTTNS,RITEST
EXTERNAL ADCON

COMMON DATAD

EQUIVALENCE (GATEX(1,1),DATAD(3573)),(DATAD(1),DATUM(1))
DATA ND,NLAST/1024,1/,

1 FNAMEC(1), FNAME(2) /SHSPECT,IH /
CALL CLKON

CALL PSTART

CALL REDE(FNAME,NEXT,NLAST)
I14=IROTOR(4)

I13=IROTOR(3)

I2=1ROTOR(2)

EX1ST=,TRUE,

NY=IROTOR(4)+6

NF=256%12-255

NX=13+7

CALL ZERQC(DATUM

CALL CLXON

CALL VPSTOP

CALL FISTOI (DATUM, NF,MNX, NY,NSAW, 1)
CALL VPSTRT

CALL ECAMCK

CALL RTCOFF

IFC(ONY CALL ADCCFF

MODE=8

IRT=ITHUMB(2)

ILT=0

IF(NEXT.GT.NLAST) GO TCQ 122

CALL ADCSTR(DATAD,GATEX, ORGN,ILT,ON,1ODE)
CALL RTCSTR(IRT,ADCOFF)

CALL RTIME(TS)

CALL LAMPONC(I)

CALL BUTTNSC(IB)

IF(IB.ER,l1Y GO TO 12!}

IFC(IR,EQ,.2) GO TO 521

IF(,NOT.ON) GO TO 96

IF(IB,EQR.4) GO TO 5%

CALL TOGGLS(IT)
IF(BITEST(IT,15) .AND, EXIST) GO TOo [@1
G0 TO 12¢@

CALL VPSTOP

CALL IPK2(EXIST)

CALL VPSTOP

CALL HISTO! (DATLM, NF, NX,NY, NSAY, 1)
CALL VPSTRT

IF(oN) GO To 172

IF(NEXT ,GT,NLAST) GO TO 122

CALL RTCOFF

CALL ADCOFF

CALL LAMPOF(1)



508

522
521

CALL TOGGLSCIT)
IFCIROTOR(C1) LEG.2) CALL RELAON(3)
CALL RITE(FNAME,NEXT,TS,IRT,ILT,ND)
NEXT=NEXT+1

CALL TOGGLS(IT)
IF(BITEST(IT,15)) 50 TO 3

CALL LAMPON(2)

CALL BUTTNSC(IB)
IF(IB.NE.2) GO TO 58¢
CALL LAMPOF(2)

CALL TOGGLS(IT)
IF(BITESTCIT,17)) GO TO 2
GO TO 3

END

SUBROUTINE IPK2(EXIST)

Ceeses SUBROUTINE TO DO PEAK ANALYSIS AFTER LIGHT PEN SELECTION,
CeeesoFOR USE WITH SIMULZ2, TO TAKE DATA SIMULTANEOUSLY.
Ceeee s USED TO BIULD XCT FILE

o

INTEGER LIST(52@8),DATAC1824) ,BKGND(10824) ,GATE(5,38),CHO(32),
I CHMAX,DATADC4296) ,BEXT, IR(5)

REAL FNAME(2),PARAMC15),DP(15),POINT(1@8),BNAME(2) ,XCH(2),

] ELE(3@) , ENORM(32) ,BNORMX(32) ,DR( 38)

LOGICAL EXIST,DOUBLE,UNDOUB, TRIPLE,UNTRIP,QUAD, UNQUAD,QUIN,
! UNQUIN,BUTTNS, PENSW, NUTPT,BITEST

EXTERNAL GAUSS

COMMON/DISPL/NF, NX, NY

COMMON/ERR/PHIZ2, IMIN, ITELL

COMMON/STUFF/GATE
COMMON/MUP/DOUBLE, UNDOUB, TRIPLE, UNTRIP, QUAD, UNQUAD, GUIN, UNCUIY,
! JPEAK, GAM, IDUB, ITRIP, IQUAD, IQUIN
COMMON/FINOUT/ELE, Al ,A2

COMMON DATAD

EQUIVALFNCE (DATACI),DATADC1@25)),CRXGNDC1) ,NATADC(2Z49)),

1 (LIST(1) ,DATAD(3273)),(CHE(1),DATANC4B21)),

2 (POINTC(1),DATAD(3593)), (ENORM(1),DATAD(38E2)),
3 (BNNRMXC1),DATAD(3RE1)) ,(DRC1),DATANC3S21)),

4 (IRC1),DATAD(4751)) ,(PARAMC]) ,DATAD(4256))

CALL LAMPON(3)

CALL REED(C1 ,FNAME,NEXT, EXIST)

IFCEXIST) G0 TO 3

CALL LAMPOF(3)

RETURN

NEXTzNEXT+1

CALL MAXER(DATA,CHMAX)

CALL SETI(CHMAX,DATA,PNINT)

ITELL=1

CALL FITALLCGAUSS,POINT,PARAM,DP,Q,LIST)
CALL OUTERCPARAM,LIST,ANORM, ARNORM, CHMAX)
CALL REED(2,RNAME,REXT, EXIST)

CALL MAXERCBKGND, CHMAX)

CALL SET! (CHMAX,BKGND, POINT)

CALL FITAL)L(GAUSS,POINT,PARAM,DP,Q,LICT)
ITELL=0

CALL SURTRCANORM,ARNORM,CHMAX,NUTPT, GAM)
CALL PICKER

CALL TOGGLS(IT)

IFC(RITESTCIT,12)) CALL VPSTOP

17



88
87

IF(BITESTCIT,11)) CALL LOCUM

CALL LAMPOF(7)

IF(BITEST(IT,16)) 30 TO R7

DO 88 J=1,2

CALL ECALI (D

CALL FITALLCGAUSS,POINT,PARAM,DP,Q,LIST)
XCH(J) =FLOAT(CHA CJ) )+PARAM(2) -4,
CONTINUE

CALL ECAL2(XCH,Al,A2)

CeossBEGIN FITTING PEAKS

47}

g1

85

86

89

120

66

18

CALL LAMPOF(7)
DO 89 J=3,JPEAK

CALL MULTCIMAX,IMIN,J)

CALL SIT2(IMAX,IMIN,J, ANORM)

CALL FITALL(GAUSS,POINT,PARAM,DP,Q,LIST)
NPARAMZLIST(E)

DO &5 I=1,NPARAM,3

IFCPARAMCI+1) GT.FLOATCIMAX-IMIN+5)) LIST(4)=7
IF(PARAMCI+1),LT.-5.) LIST(4)=8

CONTINUE

IFCLIST(4) .E0,.?) GO TO 86

CALL ERROCJ, IMIN,DP)

1F( . NOT.DOUBLE) GO TO 86

G0 TO 8l

CALL ENERGCIMIN,Al,A2,.J,DP)

CALL LABEL(J, JPEAK)

CALL REGOUTCOUTPT,ANORM, IMIN,DP,@Q,.J)
CONTINUE

CALL IDENTCELE,ENORM,BNORMX, DR, JPEAK, FNAME, NEXT)
CALL LAMPOF(3)

CALL VPSTRT

RETURN

END

SUBROUTINE PICKER

{NTEGEg GATE(5,38),CHB(30) ,DATAC1824) ,DATAD(4096), OFF, X, Y,
HMAX

LOGICAL DOUBLE, UNDOUB, TRIPLE, UNTRIP,QUAD, UNQUAD,QUIN,UNQUIN,

1 BUTTNS, PENSW,BITEST

COMMON/STUFF/GATE

COMMON/MUP/DOUBLE, UNDOUB, TRIPLE, UNTRIP, QUAD, UNQUAD,QUIN,

1 UNQUIN, JPEAK, GAM, IDUB, ITRIP, IQUAD, IQUIN

COMMON/DISPL/NF, NX, NY

COMMON DATAD

EQUIVALENCE (DATA(C1),DATADC1025)),(CHA(1),DATADC4B2]))

DATA OFF/=-1/

FORMATC1 X,2HOK)

ICHK=0

IS1 =NX

1S2=zNY

IS3=NF

CALL SCALI (NX,NY,NF)

CALL TOGGLSC(IT)

IFC(ICHK,NE,1) GO TO 66

IFCCISL ,NE,NX) ,OR.(IS2.NE,NY) ,OR.(IS3.NE.NF)) GO TO 66

GO TO 65

CALL VPSTOP

CALL HISTOl(DATA,NF,NX,NY,NHIT,1)



65

-
N

G P
SN

—
ol -3

CALL VPVECT(GATE,30,IHIT,2)
CALL VPSTRT
IF(BITEST(IT,16)) RETURN
IFCICHK.EQ.1) GO TO 12
IFCICHK.EQ,=1) GO TO 13
CALL ZEROCGATE)

CALL ZERO(CH®)

JPEAK=0

CALL CROSS(X,Y,OFF,3)
JPEAK=JPEAK+]
IF(PENSW(,TRUE,)) GO TO 9
ICHK=1

GO TO 6
GATE(Cl , JPEAK) =NHIT

CHB( JPEAK) =NHIT
GATE(2, JPEAK) =DATACNHIT)
GATE (3, JPEAK) =0
GATE(4,JPEAK) =128
GATE(5,JPEAK) ==10
ICHK=~-1

GO TO 6

CALL LAMPONCT)

CALL BUTTNSCIB)
IFCIRLEQ.128) GO TO 11
IFCIB,EQ.32) GO TO 14
IF(I3,F0,.64) RETURN

GO TO 18

JPEAK=JPEAK-1

CALL LAMPOF(T)

GO TO 8

END

SURROUTINE REDE(FNAME,NEXT,NLAST)
REAL FNAME(2)

CALL INPUTI (FNAMEC(LI),5HFNAME,6)
CALL INPUTI (NEXT,4HNEXT, 1)

CAL)L INPUTI (NLAST,5HNLAST,I1)
RETURN

END

FUNCTION SCICHNL)

INTEGER DATA(1224) ,DATAD(4296)
REAL C(36),B(36)
COMMON/DIFF/C,B, M

COMMON DATAD

EQUIVALENCE (DATAC(C1),DATADCI225))
Ml =5% -2
X=C(1)*FLOAT(DATACICHNL))

DO 41 J=1,Ml

I1=ICHNL+J

I2=ICHNL=-J

Jl =Jd+1

IF(I1 .GT.1224) GO TO 42
IFC(12,LT.0) GO TO 42

X=X+C(JI)*FLOAT(DATACI1))>+C(JI>* FLOAT(DATACI2))

G0 TO 41



42
41

126

X=0
CONTINUE
S=X
RETURN

SUBROUTINE RITE(FNAME,NEXT,TS,IRT,ILT,ND)
REAL FNAME(2)

INTEGER DATAD(A4ES6)

COMMON DATAD

CALL BCDEXTCFNAME, NEXT)

CALL ENTER(2,FNAME)

WRITE(2) TS,IRT,ILT, %D, (DATADCI),I=1,ND)
CALL RELAOF(3)

WRITE(6,106) FNAME,TS, IRT,ILT

FORMAT(I X,245,5X, FI2,5,16,3X, 16)

CALL CLOSE(2)

RETURN

END

SUBROUTINE SAUSS(R,X,P,DP,V,KX,J)

Ceoses SUBROUTINE FOR US EWITH FITALL TO FIT UP TO 4

C.....

GAUSSIAN PAKS WITH OR WITHOUT BACKGROUMD
REAL XC(12€),P(15),DP(15)
INTEGER BKGND(1224) ,DATAC1224) ,DATAD(4996)
COMMCON/ERR/PHIZ2,ILOWER, ITELL
COMMON DATAD
EQUIVALENCE (DATAC!),DATAD(1225)),(BKGND(1),DATAD(2249))
NP=KK/3
IF(KK=-3x NP, EQR,.B) G0 TO 1
R=XC D ~PUI*FLOATC( D -P(2)
DP(1)=«FLOATCD
DP(2):=~1,
N=3
530 To 3
N=1l
P=XC D
DO 2 I=N,KK,3
TP=P(I)*kFEXP(=(FLOATC( D =P(I+[))*%2/P(I+2)%%2)
RzP-TP
DP(I)=-TP/P(I>
DP(I41) =~ TP*2 5 (FLOAT( D =P(I+1))/PCI+2) %%2
DP(I+2)=DP(I+1)*(FLOAT( D) =P(I+1))/P(1+2)
CONTINUE
IERR=ILOWER+J=-3
IFCITELL.E0,2) V=(FLOAT(BKGNDCIERRY+1))
IFCITELL.E@.1) V=1,
RETURN
END

SUBROUTINE ECALL (D

Ceeveess SUBROUTINE CALL ED BY IPK2 TO DETERMINE ENERGY CALIBRATION,

20

INTEGER CH@(32),LIST(520),DATADC4856) ,DATAC10224)

LOGICAL BITEST

REAL PARAM(15),DP(C15),POINT(108),X(2)
COMMON DATAD

COMMON/ERR/PHIZ ,IMIN,ITELL



EQUIVALENCE (DATAC1),DATADCI®25)),(LIST(1),DATAN3CT3)),

1 (CHZ (1) ,DATADC4P21)),(POINT(1),DATAD(C3593)), (PARAM(I])

1,DATADC4B56))

CALL TOGGLSCIT)

IF(BITEST(IT,16)) PETURN

LISTC1)=7

LIST(2)=3

LIST(3)=15

LIST(4) =2

LIST(5)=3

LIST(6) =3

IK=CHACJD)

PARAMC1 ) =FLOATC(DATACIK))

PARAM(2) =4,

PARAM(3) =4,5/1 ,665

IMINZCHRCJ) -3

PO 3 I=1,7

1C=CHZ( D) -4+1

POINTCI)=FLOAT(DATACIC))
3 CONTINUE

RETURN

END

SUBROUTINE ECAL2(X,Al,A2)
Ceoeaoeee SURROUTINE TO DO ENERGY CALIRBRAION WITH IPK2

REAL X(2)

LLOGICAL BITEST

CALL TOGGLSC(IT)

IF(BITEST(IT,16)) GO TO 99

WRITE(6,12%)

CALL INPUTI (E1,2HE],2)

CALL INPUTI(E2,2HE2,2)

Al=(EI=-E2) /(X(1)=-X(2))

AZ2=El=-Al*X(1)

99 G=FLOATC(ITHUMB(1)) /17028,
WRITE(6,123) G
123 FORMAT(1 X,2HG=,F6,4)

IF(BITEST(IT,14)) WRITE(6,101)
IF(BITEST(IT,14)) WRITE(§,102)

RETURN
121 FORMATC(///,6H PEAK,9H CHANNEL,12H STRENGTH,
1 12H ENERGY, 1 6H CONCENTRATION,1@H ERROR,
2 8H ELEM )
1e2 FORMAT(39X,1 4HC(UGRAMS/ I N¥%k2) )
1ea FORMAT(1 X,25HENERGIES FOR CALIBRATION:)
END

SURROUTINE REGOUT(OUTPT,ANORM,IMIN,DP,Q,J)

INTEGER LIST(52Q),DATAD(4296)

REAL PARAM(!5),ENORM(32),ELE(3@),DP(15) ,BNORMX(38),DB(32)
LOGICAL OUTPT,BITEST

COMMON DATAD

COMMON/FINOUT/ELE,Al , A2

EQUIVALENCE (LIST(1),DATAD(3273)),(ENORM(1),DATAD(3822)),
i (BNORMX(1),DATAD(3861)),(DR(1),DATAD(352]1)),

2 (PARAM(1) ,DATAD(C4B56))

NPARAM=LIST(6)

21



92

51

129
125

DO 92 I=1,NPARAM

DP(I) =SQRTC((QY*DP(I))

CONTINUE

DO 91 I=1,NPARAM,3

IP2=1+1

ANOPMX=-PARAM(CI)*PARAM(I+2)%*] ,7725/ANORM

BNORMX( J) = ANORMXk XKYLDCENORMC D) ) FLOATCITHUMB(1))/1@00¢C,
DBC(J) =(DPCI) /PARAMCII)+(DP(I+2) /PARAM(I+2))
DY=A1%DPCIP2) /XKYLDC(ENORM(J) )

DY=DY* (XKYLDCENORM(J) )=-XKYLD(ENORM(J)+@,02))%53,

DRCI) =(DBCH +DY)XBNORMX( D)

CALL TOGGLSCIT)

IF(BITEST(IT,14))WRITE(6,125) J,PARAM(IP2) ,ANORMX,ENORM(J),
1 BNORMXC(D ,DBCJ) ,ELE(D

J=Jd+1

CONTINUE

J=J-1

IFCOUTPT) WRITE(E,129) (I,PARAM(I),DP(I),I=1,NPARAM)
FORMAT(1X,2HP(,12,2H)=,F12,3,5X,6HDELTA=,F12,3)

FORMAT(I X, 14,2%,F8,3,F11,6,3%X,F8.3,3%,E11.5,2X,E11,5,3X,1A5)
RETURN

END

Coves FUNCTION XKYLD, TO TRANSFORM RATIO TO RHODIUM TO

22

| NANOGRAMS/ CMkx2
FUNCTION XKYLDCE)

REAL P(8)

DATA P(1),P(2),P(3),P(4),P(5),P(8),P(T)/

1 1.2347,30.8516,-306.138,1580.348,-6477.202,
2 10661 .801,~T126,853/

AMT=0,

DO 2 I=1,7

AMT=AMTHP (1) /(Ed**(I-1)

CONTINUE

XKYLD=1@ ,%*xAMT

RETURN

END

SUBRQUTINE LABEL(J,JPEAK)
REAL ENORM(32),ELF(3@),X,MN,CRMN,NI,NIBET, MO,RNORMX(38),DB(32)
INTEGER CHG(S@) LIQT(5?@) DATAU(AZSS)

LOGICAL CHECK

COMMON/FINOUT/ELE, Al ,A2

COMMON DATAD

EQUIVALENCE (CH@(1),DATAD(4221)),(LIST(1),DATAD(3873)),

1 (ENORM(1), DATAD(SQ@Z)) (BVORMX(I) DATAD(S861)),

2 (DB(1), DATAD(392]))

DATA CL,AR,X,SC,CA, TI/2HCL,2HAR,! HK,2HSC,2HCA,2HT1/,

V,CR, MN FE CO NI/IHV,2HCR,2HMN,@HFE, ZHCO 2HNI/,

CU ZN TLL PBL SE, BR/ZHCU 2H7N SHTLL SHPQL 2HSE,2HBP/,
THL PB SR,ZR, MO/SHTFL ZHQR ZHGR 2HZR ZHMO/,

CASC cCTI TIV VCR, CDMN/SHCA SC, SHSC-TI AMTI-~V,

4HV-”P 5HCR MN/

FEBET, NIBFT CUQFT/SNFEDFT SHNIBET,5HCURKT/,

ZNBET, BPBFT UNKNW/5HZNRET,5HBRRET g S Hev ==~ /
(LTQT(G)/5)+J
I=dJ, NELE

UZ\IG\U\.&"NZ\)""

NELE=
02

WP

"

-~



28

34

Ez=ENORM(I)

ELECI) Z=UNKNW

IF(ABS(E-2,62) ,LE.2.86) ELE(I)=CL

IF(ABS(E-2,95) ,LE,0,.06) ELE(I)=AR

IF(ABS(E-3,31) ,LE,8,06) ELECI)=X

IF(ABS(E-3,69) ,LE.?,06) ELE(I)=CA
IF(ABS(E-4,089).LE.?.86) CALL SORT(CHECK,3,65,JPEAX)
IF(.,NOT, CHECK.AND,(ABS(E-4,09),LT.0,.86)) ELE(CI)=SC
IFC(CHECK> ELE(I>=CASC

CHECK=.,FALSE,

IF(ABS(E~4,51).LE.2.86) CALL SORT(CHECK,4.09,JPEAK)
IF¢.,NOT.CHECK.AND,(ABS(E-4,51) ,LT.8.06)) ELE(I>=TI
IF(CHECK) ELE(I>=SCTI

CHECK=,FALSE.

IF(ABS(E~4,95) ,LE.2,.086) CALL SORT(CHECK,4.51,JPEAK)
IF(.NOT,CHECK,AND,(ABS(E=4,95) .LE.@.06)) ELE(I)=V
IF(CHECK) ELE(I)=TIV

CHECK= ,FALSE,

IF(ABS(E-5,41) ,LE.B8,06) CALL SORT(CHECK,4.95,JPEAK)
IF(.NOT.CHECK.AND, (ABS(E-5,41),LE.2.86)) ELE(I)=CR
IF(CHECK) ELEC(I>=VCR

CHECK= ,FALSE,

IF(ABS(E-5,900) .,LE.0.06) CALL SORT(CHECK,5.,41,JPEAK)
IF(,NOT,CHECK,AND,(ABS(E=5,50) .,LE.3,86)) ELE(CI)=IMN
IF(CHECK) ELE(I)=CRMN

CHECX=,FALSE,

IF(ABS(E-6.42) ,LE.2,86) ELE(I)=FE

IF(ABS(E~-6,93) ,LE.2.026) ELE(I)=CO

IF(ABS(E-7,06) ,LE,.2,06) FELE(I)=FERET

IF(ABS(E~-7,48) ,LE,2.06) ELE(I)=NI
IF(ABS(E-R,05),LE,8,26) ELE(I)=CU
IF(ARS(E-2,26),LE,.2,06) CALL SORT(CHECK,7,.,48,JPEAX)
IF(CHECK) FELE(I)=NIRET

CHECX=,.FALSE,

IF(ABS(E-8,63) ,LE,2,06) ELE(I)=7N

IF(ABS(E-8,90) ,LE,.2.26) CALL SORT(CHECK,8.85,JPEAK)
IF(CHECK) ELE(I)=CUBET

CHECK= ,FALSE,

IF(ABS(E-9,57),LE.?,26> CALL SORT(CHECK,8.63,JPEAK)
IF(CHECK) FELE(I)=ZNBET

CHECK= ,FALSE,

IFCABS(E-10.25) ,LE.2.86) CALL SORT(CHECK,12.21,JPEAX)
IF(CHECK) ELECID>=TLL

CHECK=,FALSE,

IF(ABS(E-1P,55) . LE,®,86) CALL SORT(CHECK,12,61,JPEAK)
IF(CHECK) ELEC(I):=PBL

CHECK= ,FALSE,

IF(ABS(E-11,.,22),LE,8,06) ELE(I)=SE

IF(ABS(E-11,89) ,LE,8,86) ELE(I)=BR
IF(ABS(E-12,21),LE,B8,06) CALL SORT(CHECK,132,.,27,JPEAK)
IF(CHECK) ELECI)=TLL

CHECX=,FALSE,

IF(ABS(E-i12,61),LE,8,086) CALlL SORT(CHECK,10.55,JPEAK)
IF(CHECK)Y ELEC(I)=PBL

CHECK=,FALSE,

IF(ARS(E-12,99) ,LE,0.12) CALL SORT(CHECK,!16.28,JPEAK)
IF(CHECK) ELECI)=THL

CHEC¥= ,FALSE,

IF(ABS(E-13,29),LE,8.086) CALL SORT(CHECK,11.92,JPEAK)

23



IF(CHECK) FELE(I)=RPRRET

CHEC¥= FALSE,

IF(ARS(E-13,39) ,LE,2,86) ELE(I)=RB
IF(ARS(E-14,.16) ,LE,@,06) ELECI)=SR
IFC(ARS(E-15,77) ,LE.@,86) ELE(CI)=ZR
IF(ARS(E-16,22) ,1E,@,12) CALL SNRT(CRECK,12,99,JPEAX)
IF(CHECK) ELECI)=THL

CH=ZCK¥= ,FALSF,

IFCARS(T-17,47) JLE.2,26) FELE(CI)=MO
CANTINUZ

RETURN

END

to

S F 3

SURROUTINE SORT(CHECK, X,.1PTAK)
INTEGEP CHE(37),DATANC4796)
LOGICAL CHECK
REAL ELE(32),RNORMX(37),DR(302)
COMMON/FINOUT/ELE, AL, A2
COMMON DATAD
EQUIVALENCE (CHZC1),DATADCAR2]1)),(BNORMX(1),DATAD(3B61)),
1 (DB(1),DATAD(3921))
CHECK=.FALSE.,
po 2 I=1,JPEAK
E=Al*FLNATCCHO (1)) +A2
IFCABS(E-X) ,LE,#,.12) G0 TO S
G0 TO 2
5 1=JPEAK
CHECX= ,TRUE.
CONTINUE
RETURN
FND

N

SUBROUTINE SCALI (NX, NY,NF)
Cueeess SUBROUTINE TO CHANGE SCALES ON DISPLAY,
CevesesesFOR USE WITH IPICK

INTEGER GATE(5,32),DATACIC24),CHE(3@) ,DATADCABS6) , CHMAX

COMMON/STUFF/GATE

COMMON DATAD

EQUIVALENCE (DATAC!),DATAD(1825)),(CHZ(1),DATANC4L21))

I2=IROTOR(2)

NFzLIMIT(l ,256%12-255,10824)

13=IROTOP(3)

NXzLIMIT(S,13+7,12)

14=IROTOR(4)

NY=LIMIT(R, 1446, 18)

Do 1@ 1=1,30

LI =CH2( 1)

IFCLI . EQ.@) LIzl

GATE(l , 1)) IMIT(@, (CHR(¢T )=NF)*8/2%xx13,1023)
GATE(2, 1) =DATACLI) 7 (2%x14)*16
12 CONTINUE
RETURN
END

24
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SUBROUTINE REED(ITYPE,FNAME,NEXT,EXIST)
Ceeesesss SUBROUTINE TO READ DATA FROM TAPE FOR USE WITH IPK2
C...........'AND SIMULZ M

INTEGER DATAC1024),DATADC4856) ,RKGND(1824)

REAL FNAME(2)

LOGICAL EXIST,BITEST

COMMON DATAD

EQUIVALENCE (DATAC1),DATAD(10825)),(BKGNDC1),DATADC2249))

CALL TOGGLSCIT)

IF(BITEST(IT,15)) GO TO 3

1 CALL INPUTICFNAMEC(1) ,5HDNAME,6)
CALL INPUTI (NEXT,4HNEXT, 1)
3 CALL BCDEXT(FNAME,NEXT)

CALL FSTAT(!,FNAME,EXIST)
IFCEXIST) GO To 2
WRITE(6,100) FNAME
IF(BITEST(IT,15))RETURN

GO TO 1
2 IFCITYPEL.EQ,1)CALL ZERO(DATA)
IFCITYPE,EQ,.1) WRITE(E,121) FNAME
181 FORMATC(1HI ,12H PUN NUMBER ,2A5)

IFCITYPE.EQ.2) CALL ZERO(BKGND)
CALL SEEKC!,FNAME)
IFCITYPE.EQ, L) READC1) TS,IRT,ILT,ND,(DATACI),I=1,1824)
IFC(ITYPE,EQ.2) READC!) TS,IRT,ILT,ND,(BKGNDCI),I=1,1024)
RETURN

100 FORMATC1 X,6HBFILE ,2A5,12HNOT FOUND.)
END

SUBROUTINE MYXER(DATA,CHMAX)

INTEGER DATA(1@24),CHMAX

CHMAX =450

DO 408 1:=452,1024

IF(DATACI) ,GT.DATACCHMAX))CHMAX=]
420 CONTINUE

RETURN

END

SUBROUTINE SETI (CHMAX,IDAT,POINT)
CeeeeessROUTINE TO SET UP CALL TO FITALL T0 FIND HEIGHT OF
c NORMALIZATION PEAK

INTEGER CHMAX,IDAT(1€24),DATADC4P96),LIST(528)

REAL POINT(123),PARAMCIS)

COMMON DATAD

EQUIVALENCE (LISTC1),DATAD(3873)), (PARAIC1) ,DATAD(C4AR56))

IMAX=CHMAX+20

IMIN=CHMAX-20

BG2=IDATCIMAX)

BGl = IDATCIMIND

DO 272 I=1,4!

1CO=IMIN+I~-]

POINT(I)=IDATCICO)

220 CONTINUE

PARAM(2) = (3G1)

PARAM(C1)=(B32-BG1) /43,

PAPAM(5)=6,/1 ,665

25



2
123

124

26

PARAM(3)=FLOATCIDAT(CHMAX) )-PARAM(2) -PARAM(1)*20,
PAPAM(A)=FLOAT(CHMAX=-IMIN+I)

LIST(l)=41

LIST(2) =5

LIST(3)=15

LIST(4) =0

LIST(5)=5

LIST(6)=5

RETURN

END

SUBROUTINE OUTER(PARAM,LIST,ANORM, ARNORM, CHMAX)
INTEGER CHMAX,LIST(522)

REAL PARAMC(IS)
PARAM(4)=PARAM(4)+FLOAT(CHMAX=21)

IFCLIST(4) JNE,B) WRITE(E,111) LIST(4)
FORMATC1X,1 1 HERROR, TYPE ,12)
ANORM=PARAM(3)*PARAM(S) %1 ,7725

ABNOR M= 40 ,% PARAM(2) +R32 ,xPARAMC 1)

WRITE(E,123) PARAM(C4) ,ANORM

WRITE(6,124) ABNORM

FORMATCI X, 1 5HBACKGROUND HAS ,F18,3,8H COUNTS.)
FORMAT(/,1X,29HNORMALI ZATION PEAK IN CHANNE
1L,F8.2,4H HAS,F10,2,RH COUNTS.)

RETURN

END

SUBROUTINE SUBTR(ANORM, ARNORM,CHMAX,NUTPT, GAM)
INTEGER DATA(1224),CHMAX,DATADCAB96) ,BKGND(1224)
REAL PARAM(IS)

LOGICAL OUTPT,BITEST

COMMON DATAD

EQUIVALENCE (DATAC1),DATADC1025)),(BKGNDC1),DATADC2049)),

1 (PARAMC1) ,DATAD(4256))
PARAM(4) =PARAMC4) +FLOATCCHMAX~-21)
CNORM=PARAM(3)*PARAM(5) %1 , 7725

CBNORM= 48 ,xPARAM(2) +822 .« PARAM(1)

WRITE(G,123) PARAM(4),CNORN

WRITE(6,124) CBNORM

FORMAT (1 X, 1SHBACKGROUND HAS ,F12,3,8H COUNTS,)
RAT=ABNORM/ CBNORM

DO 5 1=3,1023

1S=1-2

DATACI)=FLOATC(DATACI)) -RAT*FLOAT(BKGND(I~1)+BKGNDCI)+
1 BKGND(I+1)) /3,

BKGND(IS)=FLOAT(DATACI))+2 ,%RAT*FLOAT(BKGNDCI-1)+
1 BKGNDCI)+BKGNDCI+1))/3,

IF(DATACI),LT.8) DATA(CI)=0

CONTINUE

BKGND(1223) =0

BKGNDC1824) =0

CALL TOGGLSCIT)

IF(BITESTCIT,15)) RETURN

WRITE(SG,105)

CALL INPUTICOUTPT,SHOUTPT,4)

CALL INPUTI (GAM,SHGAMMA,2)



123 FORMAT(//,1X,29HNORMALIZATION PEAK IN CHANNE
IL,F8,2,4H HAS,F1@,.2,8H COUNTS,)

105 FORMAT(1 X,254pg YOU WISH EXTRA OUTPUT?)
RETURN
END

SUBROUTINE MULTCIMAX,IMIN,J)
INTEGER CHB(32),DATAD(4896)
LOGICAL DOUBLE, UNDOUB, TRIPLE, UNTRIP,QUAD, UNQUAD,QUIN, UNQUIN
COMMON/MUP/ DOUBLE,UNDOUB, TRIPLE, UNTRIP,QUAD,UNQUAD,QUIN,
1 UNQUIN, JPEAK,
1 GAM, IDUB, ITRIP,IQUAD, IQUIN
COMMON DATAD
EQUIVALENCE (CH@(1),DATADC4821))
DOUBLE= ,FALSE.,
TRIPLE= ,FALSE.
QUAD= ,FALSE,
QUIN= ,FALSE,
18=CHBC D
IMAX=CHB ( J) +IFIXCGAM)
IMIN=CHB( D -~ IFIX(GAM)
IFCUNDOUB) GO TO &2
IFC(J.EQ.JPEAK) GO TO 82
IFCCHB(J+1) LT, CI@+IFIXCA.%GAM))) DOUBLE=,TRUE,
IDUB= CHA ( J+1)
IFCUNTRIP) GO TO 82
IF(J.EQ.JPEAK-1) GO TO 82
IFCCHO ¢ J42) LT, (IDUB+IFIXC4,%GAMY)) TRIPLE=,TRUE.
TRIPLE=DOUBLE,AND,TRIPLE
ITRIP=CHO( J+2)
IFCUNQUAD) GO TO 82
IF(J.EQ,JPEAK-2) GO TO 82
IFCCHBC H3) JLT.(ITRIP+IFIXC4,%GAM))) QUAD=,TRUE,
QUAD=TRIPLE,AND,QUAD
1QUAD=CHB ¢ J+3)
IFCUNGUIN) GO TO 82
IFCJ.EQ.JPEAK-3) GO TO 82
IFCCHEC¢ H4) (LT, (1IQUAD+IFIXC4,%GAM)) QUIN=, TRUE.
GUIN=CUIN.AND.QUAD
IQUIN=CHE ( J+4)
g2 UNDOUB= ,FALSE.
UNTRIP=,.FALSE,
UNQUAD= ,FALSE,
UNQUIN= ,FALSE,
IF(DOUBLE) IMAX=IDUB+IFIX(GAM)
IFCTRIPLE) IMAX=ITRIP+IFIX(GAM)
IFCQUAD) IMAX=IQUAD+IFIX(GAM)
IFCQUINY IMAX=IQUIN+IFIX(GAM)
RETURN
END

SUBRCUTINE SIT2(IMAX,IMIN,J,ANORM)
Cees..TO PREPARE FNIAL FIT TO DATA
REAL PARAM(C15),POINT(188)
INTEGER DATA(C1024) ,LIST(522) ,CHE (32> ,I1R(5),DATADCALSS)
%OGICAL DgUBLE,UNDOUB,TRIPLE,UNTRIP,QUAD,UNQUAD,QUIN,UNQUIN,
BITEST

27



R4

&5

86

87

8R

95

28

COMMON/MUP/DOUBLE, UNDOUB, TRIPLE, UNTRIP, QUAD, UNQUAD,QUIN,
i UNQUIN,JPEAK,GAM,IDUB, ITRIP, IQUAD, IQUIN
COMMON DATAD '
EQUIVALENCE (DATAC(C1),DATADC1825)),C(LIST(1),DATAD(3073)),
1 (CH2 (1) ,DATAD(4221)),(POINT(1),DATAD(3593)),
2 (IRC1),DATADC4251)) ,(PARAM(]1) ,DATADC4256))
ITOT=IMAX-IMIN+]

DO 84 I=1,1T0T

IDOWN=IMIN+I-1 :
POINT(I)=FLOATC(DATACIDOWN))

CONTINUE

12=CHB (D)

PARAM(14) =FLOAT(IQUIN=-IMIN+1)
PARAMC1IS5)=GAM/] .665

PARAMC1I3) =FLOAT(DATACIQUIN))

PARAM(1 1) =FLOATCIQUAD-IMIN+I)
PARAM(12)=GAM/! 665

PARAMCICZ) =FLOAT(DATACIQUAD))

PARAM(T) =FLOAT(DATACITRIP))

PARAM(R) =FLOAT(ITRIP=-IMIN+1)

PARAM(S) =GAM/] ,665

PARAM(4) =FLCAT(DATACIDUB))

PARAM(5) =FLOATC(IDUB=-IMIN+1)

PARAM(E) =GAM/]1 ,665

PARAMC1 ) =FLOAT(DATACIO))
PARAM(2)=FLOATCID=~IMIN+])

PARAM(3) =GAM/] .665

LISTC(1)=1ITOT

LIST(2)>=3

LIST(3)=15

LIST(4) =0

LIST(5)=12

LIST(6)=3

IF(,NOT,DOUBLE) GO TO 8%

LIST(2) =6

LIST(6) =6

IFC.NOT,TRIPLE) GO T0 88

LIST(2) =9

LIST(6)=9

IF(,NOT,QUAD) GO TO KR

LIST(2)=12

LIST(6)>=12

IF(.NOT,QUIN) GO TO 88

LIST(2)=15

LIST(6)=15

LIST(5)=15

CONTINUE

NPARAM=LIST(6)

CALL ZEROCIR)

Isup=0

K=@

DO 95 I=1,NPARAM,3

K= K+}

IF(PARAM(I) ,LT.2.82@2308%ANORM) IRCK) =1
ISUMZ ISUM+IRCK

CONTINUE

LIST(2)=LIST(2)=-3%ISUNM
LIST(5)=LIST(5)=-1SUMk3
LIST(6)=LIST(6)=-3%1ISUN



11=1

DO 97 I=],X
IFCIR(I) ,NE,.®) GO TO 97
96 PARAM(CIL)=PARAM(3*1-2)

PARAM(I!+1)=PARAM(3*I-1)
PARAM(CI1 +2)=PARAM(3*I)
98 I1=11+43
97 CONTINUE
CALL TOGGLS(ID
IF(DOUBLE,AND, (,NOT,TRIPLE) ,AND,BITEST(IT,14)) WRITE(6,115)
IF(TRIPLE,AND.(,NOT,QUAD) ,AND,BITESTCIT,14)) WRITE(6,116)
IF(QUAD,AND, (,NOT,QUIN) ,AND,BITEST(IT,14)) WRITE(6,118)
IF(QUIN,AND ,BITEST(IT,14)) WRITE(6,119)
RETURN
FORMAT (1 X,8H DOUBLET)
FORMAT(IX,8H TRIPLET)
FORMAT(1X,11 H QUADRUPLET)
FORMAT(1 X,11H QUINTUPLET)
END

e
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SUBROUTINE IDENT(ELE,ENORM,BNORMX, DB, JPEAK, FNAME, NEXT)

Ceeveess SUBROUTINE TO MAKE FINAL IDENTIFICATION OF ELEMENTS,
CeeesessAND MAKE CORRECTIONS FOR BETA PEAKS.

REAL ELE(30),ENORM(32),BNORMX(32),DR(30),FNAME(2),

1 ESI (24) ,ES2(24) ,ATOR(24) , NAM(24) ,FFF(4)

LOGICAL BITEST,BETA

DATA ESI(1),ES2(1),ATORC1),NAM(1)/2.62,2.81,08,,2HCL/,
ESI (2) ,ES2(2) ,ATOB(2) ,NAM(2) /2.96,3,19,C.,2HAR/,
ESI1 (3) ,ES2(3),ATOB(3) ,NAM(3)/3,313,3.589,8.114,1KxK/,
ES1 (4) ,ES2(4) ,ATOBC4) , NAMC4)/3.651,4.012,0.0985,2HCA/,
ES1 (5),ES2(5) ,ATOB(5) ,NAM(5)/4,089¢,4.468,0.185,2HSC/,
ES1 (6) ,ES2(6) ,ATOB(6) ,NAM(6)/4,510,4,931,08.185,2HT1/,
ESI (7) ,ES2(T) ,ATOB(T) ,NAM(T)/4.952,5,427,8.185, 1HV/
ESI () ,ES2(8) ,ATOR(R) ,NAM(R)/5.414,5,5946,7,114,2HCP/,
ESI (9),ES2(9) ,ATOB(9) ,NAM(9)/5,898,6,450,0.1C8,2HNN/,
ESI (12) ,ES2(1@) ,ATORC1®) ,NAM(C12)/6.403,7.857,0.106,2HFE/,
ESIC11),ES2¢11),ATOBC11),NAMCI1)/6.938,7.649,0,118,2KC0/,
ES1 (12) ,ES2(12) ,ATOBC12) /NAMC12)/7.477,8.264,0,105,2HNI/,
FS1(13),ES2(13),ATORC13) ,NAM(13) /8,347 ,8,904,0,113,2HCU/
ES1(14) ,ES2¢14) ,ATORCI4) ,NAMC14)/8.638,9.571 ,2.117,2KZN/,
FS1(15),ES2(15),ATOBCI5) ,NAM(15) /1€.543,11,725,2.283,2HAS/,
£SI(16) ,ES2(16) ,ATORCIS) ,NAMC16)/11.221,12,495,8.13,2HSE/,
ES1C17),ES2¢17) ,ATOBCIT) ,NAMCIT) /11.923,13.290,8,.136,2HBR/,
ES1 C18) ,ES2(18) ,ATORCI8) ,NAMCIR)/14,164,15,834,0.151 ,2HSR/,
ES1 (19),ES2C19) ,ATORCI9) ,NAMCIS) /15.774,17.666,0.172,2HZR/
ES1(20), ES2(20) , ATOR(28) ,NAM(22) /17,.478,15,687,2.18,2HNM0/,
ESI (21),ES2(21) ,ATOB(21),NAM(21)/R,396,5.670,0.775,1HW/,
ESI (22),ES2(22) ,ATOR(22) ,NAM(22) /10.266,12.210,0.672,2HTL/,
ESI (23) ,ES2(23) ,ATOR(23) ,NAM(23) /18.549,12,611,8,645,2HPD/,
ES1(24),ES2(24) ,ATOR(24) ,NAM(24) /12.966,16 .200,0,553 ,2HTH/
DATA EPS,UNKNW/Z,86C ,2H=-=/
DATA EFF(1),EFF(2) ,EFF(3) ,EFF(4)/1.775,1.66,1.66,2.22/
MEXT=NEXT-1
CALL BCDEXT(FNAME,MEXT)
DO 4 1=3,JPEAK
ELECI) =UNKNW
DO 2 J=1,24
IFCARSCENORMCI) =TS (.)) ,LT.EPS) 40 TO |
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G0 TO 2

1 BETA= ,FALSE.
DO 3 K=1,JPEAK
IF(ARSCENORM(K) -ES2 (J)) ,GT.2.892) G0 TO 3
IFCBNORMXCK) o GT. B4 3¥BNORMXCI)) BETA=.TRUR.
RNOP MX( K) =R NORMX () - ATOR( J)*BNORMX( I)
IF(BNORMXCK) JLT.8.) RNORMXCK) =0,

3 CONTINUE
IFCJ.LT.21) ELECI) =NAMCD)
IFC(J.GE.21 .AND, BETA) GO TO 6
GO TO 2

6 ELECI) = NAMCD

BNORMX( 1) =B NORMX( 1) * EFF ( J=20)

DR( 1) =DB( 1) *EFF (H-22)

CONTINUE

CONTINUE

CALL TOGGLSCIT)

IFC.NOT.BITESTCIT,13)) GO TC 5

CALL ENTER(3,FNAME)

WRITE(3,188) (ELECI),BNORMX(I),DR(I),1=3, JPEAK)
120 FORMAT(1 X, 1A5,2E11,5)

CALL CLOSE(3)
5 CALL TOGGLSCIT)

IFC.NOT.RITEST(IT,12)) RETURN

WRITE(6,183) FNAME
Cevesss s WRITE(E,104) G
Ceeeeoes FORMATCIX,2HG=,F6,4)

WRITE(6,121)

WRITE(6,102) (ELE(I),BNORMXCI),DB(I),1=3,JPEAK)

SN

RETURN
191 FORMAT(1 X, THELEMENT, 2X, 1 3HCONCENTRATION, SH ERROR)
102 FORMAT(4X,1A45,E12,6,E12,6)
103 FORMATC1HI ,5X,2A5)

END

SUBROUTINE ERROCJ,IMIN,DP)

REAL ELE(32),BNORMX(38),DP(15),PARAM(15)

INTEGER LIST(520),DATAD(4096) ,IR(5),CHA(38)

LOGICAL DOUBLE,UNDOUB, TRIPLE, UNTRIP,QUAD, UNQUAD,QUIN,UNQUIN,

! BITEST
COMMON /MUP/DOUBLE, UNDOUB, TRIPLE,UNTRIP,QUAD, UNQUAD, QUIN,
1 UNQUIN, JPEAK, GAM, IDUB, ITRIP, IQUAD

COMMON DATAD
COMMON/FINOUT/ELE, Al ,A2
EQUIVALENCE C(LISTC1),DATADC3873)),(BNORMX(1),DATAD(3861)),
1 ¢DB(1),DATAD(3521)),CIR(1),DATADC4851)) ,(DATADC4B21),
2 CHE (1)), (PARAM(1) ,DATAD( 4856))
DATA RNONE/4HNONE/
CALL TOGGLS(IT)
IF(BITESTCIT,14))WRITE(6,111) LISTC4)
111 FORMATC11H ERROR,TYPE,I2)
1F(.NOT.DOUBLE) GO TO 89
IF(.NOT.TRIPLE) GO TO 9@
IFC.NOT.QUAD) GO TO SI
IFC.NOT.QUIN) GO TO 52
UNQUIN=,TRUE,
RETURN
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UNQUAD=,TRUE,
RETURN
UNTRIP=,TRUE,
RETURN
UNDOUB=, TRUE,
RETURN
PARAM(1) =0,
PARAM(3) =8,
PARAM(2) =FLOATCCH2C D -IMIN+1)
DP(1) =0,
DP(2)=8,
DP(3) =2,
RETURN

END

SUBROUTINE ENERGCIMIN,Al,A2,J,DP)
REAL PARAM(15) ,ENORM(32),DP(15)
INTEGER DATAD(4@96) ,LIST(528),1R(5),CHB(30)
COMMON DATAD

EQUIVALENCE (DATAD(3820) ,ENORM(1)),(LIST(1),DATAD(3273)),
i (CHB (1) ,DATAD(C4221)),C(IR(1),DATAD(C4051)),
2 (PARAMC(1 ), DATAD(4256))

K=dJ

I1SUM=0

po 2 I=1,5

IFCIRCI)ER.2) GO TO 2
ISUM=ISUM+IRCI)

CONTINUE

ki =0

NPPEAK=LIST(6)/3

NPEAK=NPPEAK+ISUM

bo 3 I=1,NPEAK

MPEAX=NPEAK=1+1

MIPEAK=3x MPEAK

IFCIR(MPEAK) ,EQR,2) GO TO 4
JMPEAK=J+MPEAK~I

PARAM(MIPEAX) =€,

DP(M3PEAK) =0,

PAPAM(M3PEAK-1) =FLOATC(CHACJMPEAK) )~-FLOATCIMIN=-1)
PP(M3PEAK-1):=2,

PARAM(MIPEAK~-2) =2,

DP(M3PEAK-2) =0,

Go To 3

NIPEAK=3% ( NPPEAK=-X1)

PARAM(MIPEAK) =PARAMUNIPEAK)
DP(M3PEAK) =DP(N3IPEAK)
PAPAM(M3PEAK=-1)=PARAM(NIPEAK~1)
DP(M3PEAK=1)=DP(N3PEAK-1)
PAPAM(MAPEAK=2)=PARAM(NIPEAK~2)
DP(M3PFAK=2)=DP(N3PEAX-2)

Kl =¥1+1

CONTINUE

LISTC(E)=LIST(E)+3%1ISUM
NPARAM=LIST(6)

po 5 I=1,NPARAM,3

IP2=1+!

PARAMCIP2) =PARAMCIPZ2)+FLOATCIMIN=1)
ENORMCX) A1 *PARAM(CIP2)+A2

31



K=K+l
CONTINUE
RETURN
END

SURROUTINE LOCUM

CeeeeeTO LOCATE PEAKS IN X-RAY FLUORESCENT ENERGY SPECTRA,.
CeoeseTO BE HSED WITH IPK3, AS PART OF AN EXECUTE FILE,,.SAVLOC

INTEGER DATAC1?24) ,GATEC5,39),CHB(32),DATADC4896) ,CHMAX,
1 CHI,CH2 ,CH3,CH4,CH5,BXGNDC1A24) , GATI (148)

REAL C(¢36),R(36),PHI2 PHI

LOGICAL DOUBLE,UNDOUB, TRIPLE,UNTRIP,QIJAD, UNQUAD,

1 QUIN, UNOUIN

COMMON/STUFF/GATE
COMMON/MUP/DOUBLE, UNDOUB, TRIPLE, UNTRIP,QUAD, UNQUAD,

1 QUIN,UNQUIN,JPEAK, GAM, IDUR, ITRIP, IQUAD, IQUIN
COMMON DATAD

COMMON/DIFF/C,R, M

EQUIVALENCE (DATAC!),DATADC1225)),(CHB(1),DATADC4221)),
1 (BKGNDC1) ,DATAD(2@49)), (GATI (1) ,GATE(1,3))

CALL ZERO(GATI)

NHMAX =470

M=IFIX((@.6%5AM-1,)/2,)

IF(M,E€.0) Ml

Ceseee« COMPUTE COEFFICIENT CC(D

32

31

CALL ZERO(O)

CALL ZERO(B)
C(1)=-2,2

cz2ry=n,!

ce3)=0,

Do 31 L=I,5

Do 32 J=1,36
B(H=CCDH

DO 32 K=1,M

Kl =J+ ¥

kK2=J~K

IFCJ-KJLE,?) K2:z-¥-J+42
BCD=BCHD+CCKII+CCK2)
IF(X! .GT,36) B(D =2
CONTINUE

Do 31 J=1,3€
C(H=RCDH

CONTINUE

Cueees COMPUTE GENERALIZED SECOND DIFFERENCE, S
CueosoCOMPUTE STANDARD DEVIATIONS IN S

52

PHIZCC(1)%%2
M1 =5% M2

DO 52 J=2,Ml
PHIZPHI42 s %C(J)*%2
CONTINUE
PHI2=SQRT(PHI)

Ceeees COMPUTE CRITERIA FOR PEAX LOCATION
Ceoeso NIZEXPECTED NUMBER OF CHANNELS IN NEGATIVE PEAX

NI=IFIX(l ,22%(GAM+2,5))
NI MAX=NI+4
NI MINzNI-2

CeeeeoBEGIN TO SEARCH FOR PEAKS

32
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JPEAK=2

58 JPEAK=JPEAK+]
59 ICHNL=CHS5
60 IFCICHNL.EQ,NHMAX) GO TO 79

ICHNL=ICHNL+I]
IF(SCICHNL) (GE.-1,6%PHI2*SQRT(FLOAT(BKGNNCICHNL=-2)+1))) GO TO 6@
GO TO 62

sl IFCICHNL,EQ,NHMAX) GO TO 72
TCHNL=ICHNL+I]

62 IFCSCICHNL+1) ,LT,SCICHNL) ,OR,SCICHNL=1),LT,SCICHNL)) GO TO 61
IF(SCICHNL) ,LT,.-1,6%PHI2*SQRTC(FLOAT(BKGNDCICHNL=-2)+1))) GO TO 63
CH5=ICHNL
G0 TO 59

625 CH4=ICHNL
G0 TO 64

63 TF(ICHNL.EG,NHMAX) GO TO 70
ICHNL=ICHNL+]

64 IFCSCICHNL) JLE.P.8xS(CH4)) GO TO 63
CHSzICHNL~1
ICHNL=CH4

65 IFCICHNL,E@,1> GO TO 59
ICHNL=ICHNL-!

IF(SCICHNL) .LT.2,) 530 TO 65
CH3=ICHNL+I]
GO To €7

66 IFCICHNL.EQ@,1) GO TO 59
ICHNL=ICHNL-1

67 IFCSCICHNL) LT.PHI2*SQPT(FLOAT(SKGNDCICHNL=2)+1))) GO TO 66
CH2 =ICHNL
GO TO 69

6R IFC(ICHNL.,EQ.1) GO TO 59
TCHNL=ICHNL-!

€9 IF(SCICHNL) GT,PHI2*SQRT(FLOAT(BKGND(ICHNL=-2)+1))) GO TO 68
CHI =ICHNL+]

Ceeees COMPUTE EXPECTED WIDTHS
N2 MINZIFIX((PHI2*%SQRTCFLOAT(DATACCH4)+1))/ARS(S(CHAY))

1 *3,5%« FLOAT(NI MIN)+2,5)

N2 MAX-IFIX((PHI2*SQRTCFLOAT(DATACCH4)+1))/ABS(S(CHA)Y))

1 *B 5% FLOAT(NI MAX) +0,5)
NIMINZIFIXCFLOAT(NI MIN)* (1 ,~2,%x(PHI2*xSQRT(FLOAT(DATA(CH4)+]1))/
1 ABSCS(CH4))))>+2,5)
NIMAX=IFIXCFLOAT(NLI MAX) % (] ,~2,%(PHI2*SQRT(FLOAT¢(DATACCHA4)Y+1))/
1 ABS(S(CH4>)>)>)>+3,5)

Co..o.o.IF(CH5‘CH3+l.LT.NI MIN) GO TO 59
Coeeesese IFCCH5-CH3I+] ,GT, NI MAX) GO TO 59
Ceavenas IFCN MAX, EQR,D) GO TOD 72

Cieeosso IF(CH3I-CHZ2=-1 ,GT,N2MAX) GO TO 59

GO TO 73
72 IF(CH3-CH2~-1,GT.1) CONTINUE
73 IF(CH2-CH! +1 ,LT,N3MIN) CONTINUE

CH@ ( JPEAK) =CH4
GATE(1,JPEAK) =CH4
GATE(2, JPEAK) =DATA(CH4)
GATE(3,JPEAK) =0
GATE(4,JPEAK) =128
GATE(5,JPEAK) =-10
CALL SCALI (NX,NY, NF)

GO TO 5%

70 JPEAK=JPEAK-1

RETURN

33



34

REFERENCES

Costrell, Louis, ed.: CAMAC: A Modular Instrumentation System for Data Handling.
TID-25875, Atomic Energy Commission, 1972.

Bercaw, Robert W.; Fessler, Theodore E.; and Arnold, Jeffrey M.: A Progam-
mable Computer Interface for CAMAC. NASA TN D-T7148, 1973.

Mariscotti, M. A.: A Method for Automatic Identification of Peaks in the Presence
of Background and Its Application to Spectrum Analysis. Nuclear Instruments and
Methods., vol. 50, no. 2, May 1967, pp. 309-320.

CHAIN AND EXECUTE Utility Programs. DEC-15-YWZA-DNZ, Digital Equipment
Corp., 1970.



TABLE I. - ELEMENTS RECOGNIZED BY SAVLOC

(a) K series

Element K o Snergy, keV
Chlorine 2. 62
Argon 2.96
Potassium 3.313
Calcium 3.691
Scandium 4.090 TABLE II. - PARAMETERS USED TO
Titanium 4.510
Vanadium 4.952 DESCRIBE X-RAY EFFICIENCY
Chromium 5.414 FUNCTION F(E)
Manganese 5.898
Iron 6. 403 I P(1)
Cobalt 6.930
Nickel 7.477 1 0. 855
Copper 8. 047 2 54.874
Zinc 8.638 3 -705.322
Arsenic 10. 543 4 5499. 011
Selenium 11. 221 5 -22895.21
Bromine 11. 923 6 48343.26
Strontium 14. 164 7 -40357.17
Zirconium 15.774
Molybdenum 17. 478

(b) L series

Element Loz energy, keV LB energy, keV

Tungsten 8.396 9. 670
Thallium 10.266 12.210
Lead 10.549 12.611

Thorium 12.966 16. 200
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RUN NUMBER SEPT 811

NORMALIZATION PEAK IN CHANNEL 580.93 HAS 526878.78 COUNTS.
BACKGROUND HAS 152552,379 COUNTS,

DNAME(A) =SEPT
NEXT (1> =0

NORMALIZATION PEAK IN CHANNEL 501.48 HAS 648537.67 COUNTS.
BACKGROUND HAS 56875,779 COUNTS.
DO YOU WISH EXTRA OUTPUT?

QUTPT(L) =F
GAMMACR)

=4,
ENERGIES FOR CALIBRATION:

El (R) =6.403

2 (R) =12.611

G=1.0000

PEAK CHANNEL

3 70.835
4 S1.404
DOUBLET
128,004
6 149,871
QUADRUPLET
7 157,800
8 168.606
9 183,569
10 199,256
11 224,572
12 249,423
13 285.057
14 383,631
15 321,212
DOURLET
16 359.355

17 368,650
18 385,632
19 407,321
28 429,751

STRENGTH

.000837
8043202

2088559
077698

218517
201316
824448
832763
+004366
029359
+012955
025692
201512

+003763
.001194
+PB3I646
.208938
851486

ENERGY  CONCENTRATION

CUGRAMS/ Idk%2)
3.701 +29701+02
4,516 +49822+82
5.912 22555401
6,403 <225 15483
7.048 +22002402
7.461 +23297+01
8.047 +64054401
8.630 39711482
9.595 «41648+21
18.543 23081492
11,902 +.80868+21
12.611 «14433402
13,282 +»97893+00
14,737 «16830+81
15,893 +4R183+80
15.739 « 13832401
16,566 32513408
17.422 .16323+02

ERROR

«19374+01
+«38408+01

. 18361 +00
24637401

«15192+01
+94050+00
« 8246 7+80
+ 135085401
«61117+00
+55729+00
+28080+80
«34989+00
. 19976+00

+ 17434400
«156088+80
+25890400
«710851-81
+29195400

Figure 5. - Sample of first page of teletype output.

SEPT @11
ELEMENT CONCENTRATION
CA «297207+0

TI
MN

2
»498224+02
225552401
.220912+83
.2000020+0¢2
232971401
»64053R+011
.397105+02
.200002+02
«341605+82
+B8BE75+01
.0020208+00
.2ceo00+00
.168305+01
487833420
138316401
»325127+00
.163229+402

ERROR
193737401
»304084+01
.783605+00
#246371+01
.1519195+401
+940501+20
+R24675+00
135847421
.611174+00
«824787400
«2ROBBA4+00
+349895+00
199760400
174340400
156084400
.258522+08
»718506-01
+291551 +20

Figure 6. - Sample of second page of
teletype output.

ELEM

CA
TI
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RUN NUMBER SEPT 811}

NORMALIZATION PEAK IN CHANNEL 524,93 HAS 526878,78 COUNTS.
BACKGROUND HAS 152552,379 COUNTS.

DNAMECA) =SEPT

NEXT (I) =0

NORMALIZATION PEAK IN CHANNEL 501,48 HAS 648537,67 COUNTS.
BACKGROUND HAS 56875.779 COUNTS,
DO YOU WISH EXTRA OUTPUT?

OUTPT(L) =T

GAMMACRY =a,

ENERGIES FOR CALIBRATION:
El (R) =6.403

E2 (R) =12.611

6=1,0000

PEAK CHANNEL STRENGTH ENERGY CONCENTRATION ERROR ELEM
CUGRAMS/ T Nk*2)
3 70.035 230837 3.701 29701402 . 19374481 CA
PC 12= 213,043 DELTA= 6,546
P( 2)= 18,835 DELTA= +829
PC 3)= 1,167 DELTA= .
4 91,404 -204320 4.516 +49822+02 « 32428481 TI
PC 1)z 529,417 DELTA= 14,783
PC 2)= 91.404 DELTA= <255
PC 3= 2,521 DELTA= 075
DOUBLET
5 128,004 8008599 5,912 #22555+01 +18361+20 MM
€ 148,R71 +077698 6.483 «22115+03 24637401 FE
PC 1)= 98,433 DELTA= 15.671
PC 2)= 128,804 DELTA= «235
P¢ 3)= 1.887 DELTA= «338
PC 4)= 7322,194 DELTA= 44,861
PC 5)= 149,871 DELTA= 212
PC 6)= 3.152 DELTA= «B15
QUADRUPLET
7 157,808 818517 7,048 22002402 .15192+01 FEBET
8 168,606 201316 T.461 +23297401 +94050+00 NI
183,969 004440 8.0847 «64054+21 »82467+80 cuy
199,256 .032763 B.6538 39711402 +13505+81 ZN
959,873 DELTA= 32,626
157,800 DELTA= 279
3.257 DELTA= 110
P 211,486 DELTA= 41,329
168,606 DELTA= .280
1.845 DELTA= 378
437.471 DELTA= 28.286
183,963 DELTA= 142
3.017 DELTA= .188
2772.324 DELTA= 48,293
199.256 DELTA= 042
3.513 DELTA= 857
224,572 804366 9.595 «A1648+01 61117400 ZNBET
426.654 DELTA= 29,386
224,572 DELTA= . 157
3.042 DELTA= .233
12 245,423 .A29359 18.543 23081402 +55729+28 PBL
PC 1= 2379,978 DELTA= 27.844
PC 2)= 249.423 DELTA= 229
PC 3)= 3.667 DELTA= .04
13 2R5,0857 012955 11,902 +.BO86B+A1 .28082+00 BR
PC 1)z 1216.039 DELTA= 16,254
P( 2)= 285,857 DELTA= 042
PC 3= 3,790 DELTA=
14 303,631 825692 12,611 « 14433482 +34989+0€ PBL
PC 1)= 18S1.706 DELTA= 20,430
PC 22z 303,631 DELTA= 031
PC 3)= 4,037 DELTA= 054
15 321,212 0081512 13,282 «978%3+00 «19976+00 BRBET
PC 1)z 165.885 DELTA= 14,989
PC 2)= 321.212 DELTA= 245
PC 3= 3.428 DELTA= +385
DOUBLET
16 359.355 803763 14,737 .16030+01 17434409 -
17 368,690 081194 15.093 A8783+00 «15608+00 —eme-
PC 13= 294,605 DELTA= 13.175
359,355 DELTA= .159
3.797 DELTA= «241
99.216 DELTA= 13.019
368.690 DELTA= 429
3.579 DELTA= «669
632 P03646 15,739 .13832421 25890409 ZR
242,082 DELTA= 17.146
385,632 DELTA= +.266
4,477 DELTA= 516
427,321 +000938 16,566 «32513+00 .71051-01 —em—-
146,899 DELTA= 14.928
PC 2)= 487,321 DELTA= 157
PC 3)= 1.,R98 DELTA= .221
20 42%,751 851486 17,422 16323402 «29195+00 Mo
PC 1)= 3371,871 DELTA= 23,320
PC 2)= 429,751 DELTA= #9025
PC 3= 4.548 DELTA= 049

" Figure 7. - Sample of augmented page 1 teletype output.
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